(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

13.10.2004 Bulletin 2004/42 

(21) Application number: 04005176.5 

(22) Date of filing: 04.03.2004 



(n) EP 1 467 416 A2 

EUROPEAN PATENT APPLICATION 

(51) Int CI 7: H01L 33/00 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE BG CH CY CZ DE DK EE ES Fl FR GB GR 


• Barnett, Thomas J. 


HU IE IT LI LU NIC NL PL PT RO SE SI SK TR 


Powell Ohio 43065 (US) 


Designated Extension States: 


• Tillinghast, Sean P. 


AL LT LV NIK 


Bexley Ohio 43209 (US) 


(30) Priority: 11.04.2003 US 411707 


(74) Representative: Carstairs, J. C. 




Forrester & Boehmert, 


(71) Applicant: Weldon Technologies, Inc. 


Pettenkoferstrasse 20-22 


Columbus, OH 43228 (US) 


80336 Nlunchen (DE) 



(54) High power light emitting diode 

(57) A method and system are taught for a system 
comprising an LED package (10). The LED package 
may comprise a leadframe having an annular contact 
(12) and a base contact (14). An LED die (16) may be 
coupled to the annular and base contacts such that the 
P-type material portion is electrically connected to an 
annular contact and the N-type material portion is elec- 
trically connected to a base contact. Alternatively the re- 
type material portion may be electrically connected to 
the annular contact and the P-type material portion may 
be electrically connected to the base contact. A lens (1 8) 
may be coupled to the leadframe, and an optical mate- 
rial (20) may be located in a cavity (22) defined by the 
lens (1 8), the base contact (14), and the annular contact 



(12). The optical material (20) may be a gel, a grease, 
a resilient material, a non-resilient material, a rigid ma- 
terial, a liquid material or a non-liquid material. The 
method and system may further comprise a mounting 
device, wherein the LED package is mechanically cou- 
pled to the mounting device in a socket, bayonet, or 
threaded fashion. The method and system may further 
comprise a strip comprising an array of annular contacts 
utilized to form an array of the LED packages and a car- 
rier strip comprising receiving devices to receive the ar- 
ray of LED packages. A portion of the lens may either 
be coated with or comprise light excitable material or the 
optical material may comprise light excitable material, 
such that the system emits white light. 
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Description 

(0001] This application claims the benefit of U.S. Pat* 
ent Application No. 10/073,731 , filed February 11 , 2002. 

Field of the Invention 

[0002] The embodiments of the present invention re- 
late generally to packaging for light emitting diodes 
("LEDs"). One aspect of the embodiments may be to 
produce an optically efficient LED that can generate a 
higher degree of illumination per unit area than is cur- 
rently available in the art. Another aspect of the embod- 
iments may be to provide a means of mechanically at- 
taching the device to a light fixture or printed circuit 
board. Yet another aspect of the embodiments may be 
to provide an improved package for LEDs and a method 
for packaging multiple LEDs on strips, to better facilitate 
automated manufacturing methods for assemblies uti- 
lizing the LEDs. Still another aspect of the embodiments 
may be to provide a means of producing a white light 
from a single LED package. Yet another aspect of the 
embodiments may be to provide a means of mounting 
multiple LED dice within a single LED package. 

Prior Art 

[0003] The art of manufacturing the light emitting 
component of LEDs is widely described in the art and 
well known to those so skilled. Furthermore, the art of 
producing white LEDs is well known and described in 
the art. Pertinent patents include: U.S. Patent No. 
5,813,752 issued to Singer et al. on September 29, 
1998, entitled "UV/Blue LED-Phosphorus Device With 
Shortwave Pass, Long Wave Pass Band Pass and Per- 
oit Filters," which describes the use of a layered blue/ 
UV LED semiconductor having a top layer of phosphor 
and filters for producing white light; U.S. Patent Nos. 
5,998,928 and 6,060,440 issued to Shimizu et a!, on De- 
cember 7, 1999 and May 20, 2000, respectively and 
each entitled "Light Emitting Device Having A Nitride 
Compound Semiconductor And A Phosphor Containing 
A Garnet Fluorescent Material,'' which describe the de- 
sign of white LEDs that utilize blue LEDs to excite a layer 
of phosphor material comprising garnet fluorescent ma- 
terials activated with cerium and/or including the use of 
dispersing materials surrounding the phosphor contain- 
ing components to diffuse the resulting illumination. 
[0004] The structural makeup of various LED packag- 
es are also disclosed in the technical data sheets of a 
number of commercial LED manufacturers, see for ex- 
ample, the technical data sheets for "Super Flux" LEDs, 
by LumiLeds (a joint venture between Philips Lighting 
and Agilent Technology); "SnapLED 150" LEDs, by Lu- 
miLeds; "Six LED High Mount Stop Light Array," by Lu- 
miLeds; "Luxeon Star," by LumiLeds; and "Shark Series 
High Flux LED Illuminators," by Opto Technology, Inc. 



Background of the Invention 

[0005] A light emitting diode (LED) is a compact sem- 
iconductor device that generates light of various colors 
5 when a current is passed through it. The color depends 
primarily upon the chemical composition of the light 
emitting components of the LED die. LEDs exhibit vari- 
ous advantages over incandescent, fluorescent, and 
discharge light sources, including smaller size, longer 
10 life, lower power requirements, good initial drive char- 
acteristics, high resistance to vibration and high toler- 
ance to repeated power switching. Because of these fa- 
vorable characteristics LEDs are widely used in such 
applications as indicators and low-power lighting appli- 
es cations. 

[0006] Recently red, green and blue ("RGB") LEDs 
having high luminance and efficiencies have been de- 
veloped and employed as pixel elements in large screen 
LED displays and signs. This type of LED display can 
be operated with less power consumption than the prior 
art, such as incandescent lamps, and has additional fa- 
vorable characteristics such as light weight and long life. 
Demand for LEDs as an alternative to prior art display 
pixel elements is burgeoning. 

[0007] Although LEDs are more efficient than prior art 
light sources, they are not 100% efficient in converting 
electrical energy to light. As a result, a great deal of heat 
can be produced by the LED die. If the heat is not ade- 
quately dissipated, mechanical stress is imposed on 
various internal components of the LED due to the dif- 
fering coefficients of thermal expansion of the internal 
components. This stress can lead to failure of the LED. 
Therefore, heat sinks are often employed to dissipate 
heat generated by the LED. The heat sink is usually pro- 
vided through the metal leadframe of the LED. 
[0008] The amount of heat generated by the LED be- 
comes an even greater concern as higher-power LEDs 
are developed for high-brightness applications. Some 
manufacturers have produced more powerful LEDs 
having large heat sinks but at a trade-off. First, if an LED 
with a large heat sink is soldered using conventional 
methods (i.e. wave solder, reflow solder), the heat from 
the soldering process is transferred to the LED die, 
which may cause failure of the LED. Second, if the LED 
is soldered using non-conventional techniques (i.e. bar 
soldering or laser soldering), this must generally be per- 
formed by the LED manufacturer due to the heat sensi- 
tive nature of the process. Therefore, the LED manufac- 
turer often provides a high power LED as a prepackaged 
component. Unfortunately, the configuration of the 
package may not be compatible with the physical space 
requirements of the intended end product design. 
[0009] In addition, optical coupling of the LED to an 
associated lens is inefficient. Generally, an LED con- 
sists of a semiconductor die adhered to a substrate us- 
ing an optically clear epoxy. This direct interface of the 
die (which has a typical index of refraction "n" of about 
3.40) to the epoxy (having a typical index of refraction 
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"n" of about 1 .56) creates a significant index of refraction 
gradient between the two materials. As light travels from 
a medium of high index of refraction to low index of re- 
fraction, Fresnel losses are experienced due to the ina- 
bility of the light to escape the package as a result of 
internal reflection. Therefore, a material or a layer of ma- 
terial that minimizes the index of refraction gradient is 
desired to decrease the Fresnel losses that would oth- 
erwise occur. 

[0010] Furthermore, because the epoxy used to en- 
capsulate the conventional LED die is generally rigid 
when fully cured, thermal expansion of the LED compo- 
nents can cause a degree of shear and tensile stress 
on the bonds between the bonding wires that connect 
between the electrical contacts and the LED die. A 
means of reducing stress on the bonding wires as a re- 
sult of thermal expansion of the LED components is 
needed. 

[001 1] Finally, when incorporated into various product 
applications, LEDs (in their numerous package designs) 
are generally designed to be assembled onto a printed 
circuit board ("PCB") and secured using a soldering 
process. However, an LED package that can be assem- 
bled into products using mechanical processes, such as 
pin-and-socket arrangements, is desired so that the 
LED is more adaptable for automated manufacturing 
processes, consumes less PCB space than previously 
required, and can accommodate a wider variety of prod- 
uct designs. 

A mechanical means to install LEDs into a product rath- 
er than soldering is also needed to reduce the amount 
of heat to which the LED die is exposed, thereby elimi- 
nating a significant source of LED failure. In addition, an 
LED is needed that can provide substantially greater 
heat sinking than that provided by conventional LEDs 
coupled to a printed circuit board. 

Summary 

[001 2] One embodiment of the present invention pro- 
vides a system comprising an LED package. The LED 
package comprises at least one LED die. The LED die 
is a semiconductor diode having an N-type semiconduc- 
tor material portion joined to a P-type semiconductor 
material portion at a "P-N junction." When electrical en- 
ergy is applied to the LED die such that electrons flow 
from the N-type material portion to the P-type material 
portion, light is emitted from the die. An electrical contact 
connected to the P-type material portion is called an "an- 
ode" and the electrical contact connected to the N-type 
material portion is called a "cathode." The anode and/ 
or cathode contacts may be annular in shape. The an- 
ode and/or cathode contacts may be incorporated into 
a leadframe having coupling devices adapted to assem- 
ble the LED package onto a PCB or into a product. The 
LED die and a lens are coupled to the leadframe. The 
LED package may also comprise an optical material lo- 
cated in a cavity defined by the lens and the leadframe. 



[0013] Another embodiment of the present invention 
provides a system comprising a mounting device and 
an LED package. The LED package comprises a lead- 
frame having an annular contact with a central opening 

5 and a heat sink adjacent the central opening, an LED 
die coupled to the heat sink and annular contact, and a 
lens coupled to the leadframe. The lens comprises pro- 
trusions that are utilized to mechanically secure the LED 
package to the mounting device. The LED package fur- 

10 ther comprises an optical material located in a cavity de- 
fined by the lens and the leadframe. 
[0014] Another embodiment of the present invention 
provides a method for making a system with an LED 
package. The making of the LED package comprises 

15 the steps of: a) providing a leadframe having an annular 
contact with a concentric opening and a heat sink with 
a die cup, b) coupling at least one LED die to the die cup 
of the heat sink, c) coupling the LED die to the annular 
contact through the concentric opening, d) dispensing 

20 an optical material into a cavity defined by the lens, the 
annular contact, and the heat sink, and e) coupling a 
lens to the leadframe. 

[0015] Another embodiment provides a system com- 
prising an LED package. The LED package comprises 

25 two or more contacts, any of which may be annularly 
shaped. The LED package also comprises at least one 
LED die coupled to the contacts and a lens coupled to 
the contacts. The LED package also comprises a cavity 
defined by the lens and the contacts. 

30 [0016] Another embodiment of the present invention 
provides a system comprising an LED package. The 
LED package comprises an anode contact coupled with 
a cathode contact. The LED package also comprises at 
least one LED die coupled to the cathode contact and 

35 the anode contact and a lens coupled to one or both of 
the contacts. The LED package also comprises an op- 
tical material located in a cavity defined by the lens, the 
cathode contact, and the anode contact. 
[0017] Another aspect may be that the optical material 

40 is a gel, a grease, a viscous material, a rigid material, a 
resilient material, a non-resilient material, a liquid mate- 
rial or a non-liquid material. 

[0018] Another aspect may be that the system com- 
prises a mounting device, where the LED package is 
45 mechanically coupled to the mounting device via the 
lens. 

[0019] Another aspect may be that the system com- 
prises a mounting device, where the LED package is 
mechanically coupled to the mounting device via the 

so base contact. 

[0020] Another aspect may be that the system further 
comprises an anode strip comprising an array of con- 
tacts utilized to form an array of the LED packages and 
a carrier strip comprising receiving devices to receive 

55 the array of LED packages. 

[0021] Another aspect may be that a portion of the 
lens is either coated with or comprises light excitable 
material such that the system emits white light. Another 
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aspect may be that an optical material such as silicone 
or viscous material includes light excitable material such 
that the system emits white light. 
[0022] Another aspect may be that a plurality of LED 
dice are used. 

[0023] Another aspect may be that the annular con- 
tact is segmented to allow isolated contact to each LED 
die in the package. 

[0024] Another aspect may be that the segmented an- 
nular contact is arranged in a manner such that the flex- 
ible extensions have differing diametral pitches to pro- 
vide isolated contact to each flexible extension while 
maintaining radial symmetry. 

[0025] Another aspect may be that a plurality of LED 
die with insulating substrate are used. The LED die are 
electrically connected in series to one another, to the 
annular contact and the base contact via wire bonding. 

Brief Description of the Drawings 

[0026] Further features of the present invention will 
become apparent to those skilled in the art to which the 
present embodiments relate from reading the following 
specification and claims, with reference to the accom- 
panying drawings, in which: 

[0027] Figure 1 is a cross sectional view of one em- 
bodiment of an LED package; 

[0028] Figure 2 is a cross sectional view of one em- 
bodiment of a system; 

[0029] Figure 3 is an exploded view of one embodi- 
ment of an LED package; 

[0030] Figure 4 is a partial cross section view of a sec- 
tion of one embodiment of an LED package; 
[0031] Figure 5 is an illustration of another embodi- 
ment of a system comprising a printed circuit board, a 
mounting device and an LED package; 
[0032] Figure 6 is a perspective view of an annular 
contact according to several embodiments; 
[0033] Figure 7 is an illustration of an embodiment of 
the system comprising a housing and an LED package; 
[0034] Figure 8 is an illustration of another embodi- 
ment of the system comprising a carrier array and LED 
packages; 

[0035] Figure 9 is an exploded view of another em- 
bodiment of an LED package with plural LED dice; 
[0036] Figure 1 0 is a perspective view of a segmented 
annular contact according to several embodiments; 
[0037] Figure 11 is an exploded view of another em- 
bodiment of an LED package with plural LED dice con- 
nected in series; 

[0038] Figure 12 is a plan view of a leadframe with 
plural LED dice connected in series according to an em- 
bodiment of the present invention; 
[0039] Figure 13A is a plan view of an LED package 
showing an embodiment of the flexible extensions and 
base contact for connecting electrical power; 
[0040] Figure 1 3B is a plan view of electrical contacts 
on a PCB or a mounting device that correspond to the 



flexible extensions and base contact of Figure 13A ac- 
cording to an embodiment of the present invention; 
[0041] Figure 14A is a plan view of an LED package 
showing an alternate embodiment of the flexible exten- 

5 sions and base contact for connecting electrical power; 
[0042] Figure 14B is a plan view of electrical contacts 
on a PCB or a mounting device that correspond to the 
flexible extensions and base contact of Figure 14A ac- 
cording to an embodiment of the present invention; 

10 [0043] Figure 1 5A is a side elevation of another em- 
bodiment of an LED package; 
[0044] Figure 15B is a bottom view of the LED pack- 
age of Figure 15A according to an embodiment of the 
present invention; 

15 [0045] Figure 16A is a side elevation of another em- 
bodiment of an LED package; 
[0046] Figure 16B is a bottom view of the LED pack- 
age of Figure 16A according to an embodiment of the 
present invention; and 

20 [0047] Figure 17 is an illustration of another embodi- 
ment of a system comprising a carrier strip and LED 
packages. 

Description of the Preferred Embodiment(s) 

25 

[0048] With reference to Figures 1-4, an LED package 
1 0 of a system 1 00 is shown. The LED package 1 0 com- 
prises an annular contact 12, a base contact, 14, an LED 
die 16, and a lens 18. The annular contact 12 and base 

30 contact 14 may each be configured as either an anode 
or as a cathode for the LED die 1 6, as desired. An optical 
material 20 may be located in a cavity 22 defined by the 
annular contact 12, the base contact 14, and the lens 
18. The optical material 20 may be a silicone material, 

35 a gel or grease, a non-resilient material, a non-liquid ma- 
terial, or the like. In other embodiments the cavity 22 
may contain a liquid, viscous, resilient, rigid or solid op- 
tical material 20 or may not contain any material. The 
optical material 20 may be "UV-stable" to resist degra- 

40 dation due to exposure to ultraviolet radiation, such as 
from sunlight. 

[0049] The LED die 1 6 may be coupled to the annular 
contact 12 via a wire bonding 26. The LED die 16 may 
also be coupled to a die cup 24 of the base contact 14 
45 by solder or a thermally and electrically conductive ad- 
hesive, such as an epoxy. The die cup 24 may have re- 
flective surfaces to aid in the distribution of light emitted 
by the LED die 1 6. A leadframe 27 may be assembled 
by coupling the base contact 14 to the annular contact 
50 12 through use of a coupling material 28, which may be 
liquid crystal polymer or the like, so long as the material 
is thermally conductive and electrically insulating. After 
dispensing the optical material 20 into the cavity 22, the 
lens 18 is coupled to the leadframe 27 via complemen- 
ts tary coupling devices 30 which may be, for example, 
barbs or tabs, and coupling devices 31 which may be, 
for example, receiving openings. In another embodi- 
ment, the lens 1 8 may be coupled to the leadframe 27 
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with an adhesive, such as an epoxy. 
[0050] With reference to Figure 5 and continued ref- 
erence to Figures 1 -3, a system 1 00 is illustrated ac- 
cording to an embodiment of the present invention. The 
lens 18 of the LED package 10 further comprises pro- 
trusions 32, which may be lens "feet," that allow the LED 
package 10 to be removeably secured in a coupling de- 
vice 36 of a mounting device 54 in a socket-like fashion, 
wherein the feet 32 are biased against the coupling de- 
vice 36 via flexible extensions 34 extending from a pe- 
ripheral portion of the annular contact 12. The flexible 
extensions 34 may also serve as contacts to electrically 
couple the annular contact 1 2 to corresponding contacts 
in the mounting device 54, or to corresponding lands on 
a printed circuit board ("PCB") 40. The mounting device 
54 extensions 55 extending from the mounting device 
54 are received in openings 56 in PCB 40 and extension 
57 extending from the mounting device 54 is received 
in opening 58 in the PCB 40 to couple the mounting de- 
vice 54 to the PCB 40. Within the mounting device 54, 
an opening 59 (not shown) receives the base contact 
post 60. The opening 59 may have a corresponding con- 
tact to detachably couple to the base contact post 60 to 
complete the electrical connection to the LED package 
10. 

[0051] The annular contact 12 forms a portion of the 
leadframe 27 for the LED package 1 0 and is further de- 
signed to provide a large surface area for sinking heat 
generated during use. The shape has the still further 
benefit of reducing thermal expansion due to hoop 
stresses inherent with the annular geometry. As best 
seen in Figure 6 in combination with Figure 1 , in the cir- 
cular embodiment shown the annular contact 1 2 some- 
what resembles an inverted pie pan having a central- 
ized, preferably concentric window 50 formed in the 
"bottom" 52 providing access to the LED die 1 6 and wire 
bonding 26, and through which light emitted from the 
LED die 16 is distributed to the lens 18. However, other 
embodiments contemplate other generally symmetrical 
shapes, which are equally well suited as leadframe por- 
tions, as is the annular embodiment. As discussed 
above, in one embodiment of the present invention the 
stamped barbs 30 are formed about the periphery of a 
body of the annular contact 12 for captive engagement 
between the annular contact and the receiving openings 
31 of the lens 18 during assembly of the LED package 
10. 

[0052] The LED package 1 0 also allows for significant 
improvement in the assembly process for products that 
use LEDs. Since the LED package 10 is not orientation- 
specific, it may be mounted in the mounting device 54 
on the PCB 40 as shown in Figures 2 and 5, or as seen 
in Figure 7 the LED package 10 may be mounted in a 
mounting device 254 in a light illumination device 200. 
Likewise, as shown in Figure 8 the LED package 1 0 may 
be mounted in a mounting device 354 in an light fixture 
assembly 300, where in any of these embodiments the 
LED package 10 is mounted in any orientation, radially 



8 

about its center. This eliminates the need for specific 
component orientation prior to assembly. The embodi- 
ments shown in Figures 1-5 and 7-8 may resemble a 
plug that allows the LED package 10 to be easily in- 

5 stalled into the coupling device 36 of the mounting de- 
vice 54,254,354 in a socket-like fashion without the 
need for heat or tools, and secured by rotating the LED 
package 10 until the protrusions 32 are fully engaged 
with the coupling devices 36. 

10 [0053] Other embodiments of the LED package 10 uti- 
lize multiple LED dice 16, such as the embodiments 
shown in Figure 9. The dice 1 6 may be any desired com- 
bination of LED colors, such as red, green and blue. In 
some of these embodiments, each of the LED dice 16 

15 may be coupled via wire bonding 26 to different seg- 
ments of the annular contact 12 to provide two or more 
separate annular contact segments for each LED die 1 6. 
An example annular contact 12 having three segments 
1 2A-C is shown in Figures 9 and 10. The annular contact 

20 also has a centralized, preferably concentric window 50 
formed in the "bottom" 52 providing access to the LED 
die 16 and wire bonding 26, and through which light 
emitted from the LED die 16 is distributed to the lens 18. 
As with other embodiments of the present invention, the 

25 segmented annular contact 12 may include flexible ex- 
tensions 34 and complementary coupling devices 30. 
With the annular configuration of the embodiments, mul- 
tiple wire bondings 26 from the annular contact 1 2 to the 
multiple LED dice 16 can be easily accommodated. An- 

30 nular contact segments 12A-C may be electrically iso- 
lated to facilitate individual illumination of LED dice 16. 
Alternatively, the annular contact segments 12A-C may 
be electrically interconnected to simultaneously illumi- 
nate the LED dice 16. Electrical power may be coupled 

35 to multiple LED dice 1 6 by connecting the N-type mate- 
rial portions or contacts of the dice to the base contact 
14 to form a first electrical connection to a power source. 
Alternatively, the P-type material contact of the dice 16 
may be connected to the base contact 14. The remain- 

40 jng contacts of the dice 16 are then individually connect- 
ed to particular annular contact segments 12A-C. 
[0054] In still another embodiment of the present in- 
vention, two or more LED dice 16 may be electrically 
insulated from the base contact 14 and electrically in- 

45 terconnected in series fashion, as illustrated in Figures 
1 1 and 1 2 such that the N-type contact of a first LED die 
16 is connected to a P-type contact of a second LED die 
with a wire bond. Additional LED dice 16 may be con- 
nected in the series string in a like manner. The P-type 

50 contact of the first LED die 1 6 is connected to the annu- 
lar contact 12 with a wire bond while the N-type contact 
of the last LED die in the series is connected to the base 
contact 14. Alternatively, the P-type contact of the first 
LED die 16 may be connected to the base contact and 

55 the N-type contact of the last LED die in the series may 
be connected to the annular contact 1 2 with a wire bond. 
In yet another embodiment of the present invention, the 
P-type and N-type contacts may be located on the top 
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surface of the die 16 to facilitate the wire bonding con- 
nections. 

[0055] The flexible extensions 34 may be used to 
complete the electrical connection to a power source, 
as previously described. At least one flexible extension 
34 may be connected to each LED die 16. The flexible 
extensions 34A-C may be configured to orient with cor- 
responding contacts 64A-C on a PC B 40 or a mounting 
device 54 to facilitate individual coupling to the LED dice 
16 via annular contact segments 12A-C, as shown in 
Figures 13A-B. The orientation of the flexible extensions 
34 and corresponding contacts 64 may or may not be 
indexed. Similarly, the base contact 14 may couple to a 
corresponding contact 66 to complete the electrical cir- 
cuit. Alternatively, the flexible extensions 34A-C may 
each have a differing diametrical pitch as shown in Fig- 
ure 14A to permit individual electrical coupling to corre- 
sponding contacts 64A-C, as shown in Figure 14B, al- 
lowing individual electrical coupling to the LED dice 16 
connected to annular contact segments 12A-C. The 
base contact 14 couples with a corresponding contact 
66 to complete the electrical circuit. 
[0056] In an alternate embodiment of the present in- 
vention, the leadframe 27 may be laser welded, rather 
than soldered, or otherwise mechanically coupled to the 
PCB 40 to provide electrical contact between the LED 
package 10 and the PCB 40, thereby minimizing the risk 
of overheating the LED die 16 during assembly of the 
LED package 10 into a product or subassembly. In yet 
another embodiment, the leadframe 27 may be laser 
welded to a contact arrangement to eliminate the need 
for a PCB 40. 

[0057] Referring again to Figures 1-4, the LED pack- 
age 10 utilizes a lens 18, which may be premolded and 
may be constructed of any one of a number of known 
materials, such as epoxy resin, urea resin, silicon resin, 
acrylic resin, glass, or the like, in various lens patterns 
or geometries. While shown in a circular embodiment, 
the shape of the lens 18 may be any generally symmet- 
rical shape such as, without limitation, square, hexago- 
nal, triangular and the like. The lens 18 provides the op- 
tical pattern for the LED package 10, and may be con- 
figured as a convex, concave, or collimating lens and 
may be optically clear or contain dispersants to diffuse 
the emitted light. In several embodiments, the inside 
surface of the lens 1 8 may be coated with a suitable light 
excitable material or the lens 18 may comprise a suita- 
ble light excitable material, which may be a phosphor 
material, for generating white light when excited with a 
blue, ultraviolet, or other color LED die 16. In other em- 
bodiments, the optical material 20 may comprise the 
light excitable material. In addition, the lens 18 both par- 
tially defines the cavity 22 for the optical material 20 and 
acts as a protective shield for the LED die 16 and at- 
tendant wire bonding 26. By premolding the lens 18, the 
optical output of the LED package 1 0 is easily modified 
by producing a different configuration, pattern, or geom- 
etry of the lens 18. 
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[0058] The LED die 16, which may have an index of 
refraction V of about 3.40, provides light output. The 
LED die 16 design and its method of manufacture are 
described in by Shimizu and others. The LED die 1 6 may 
s be a multi-layer epitaxial semiconductor structure com- 
prising an N-type material portion and a P-type material 
portion wherein the P-type material portion is electrically 
connected to an annular contact 12 and the N-type ma- 
terial portion is electrically connected to a base contact 
10 14. Alternatively the N-type material portion may be 
electrically connected to the annular contact 12 and the 
P-type material portion may be electrically connected to 
the base contact 14. When electrically energized, the 
LED die 16 emits light of a wavelength predetermined 
15 by its chemical makeup. As discussed above, to pro- 
duce the desirable white LED output, multiple colors of 
LED dice 16, such as red, blue and green, may be com- 
bined into a single LED package, as previously dis- 
cussed and seen in Figures 9, 11 and 12. However, in 
other embodiments a blue, ultraviolet, or other color 
LED die 1 6 is used to excite a phosphor containing com- 
ponent in the lens 18 or in optical material 20 in order 
to produce a white light. Some prior art devices that have 
similar functions are Singer et al. that teaches the use 
of a phosphor layer on top of a blue LED die to produce 
a white LED, Shimizu etal. that teaches the use of phos- 
phor materials embedded into a resin coating material 
place over the LED die, and Shimizu et al. that teaches 
the use of phosphor materials in the molded lens sur- 
rounding the LED die. 

[0059] The optical material 20 may be an optical qual- 
ity gel or grease or other soft optical material, which may 
have a refractive index V of about 1 .70 or greater. The 
optical material 20 is contained in the lens 1 8 to possibly 
provide gradual transition of index of refraction between 
the LED die 16, which may have an index of refraction 
"n" of about 3.40, and the lens 18, which may have an 
index of refraction "n" of about 1 .5. If the optical material 
20 is an optical gel it may be of a type manufactured, for 
example, by Nye Optical. In addition, the soft optical ma- 
terial 20 reduces the stress on the wire bond 26 and LED 
die 1 6 caused by thermal expansion of the LED compo- 
nents. In one embodiment, the optical material 20 is 
formed so that it has varying indexes of refraction by 
arranging it in layers within the lens 18, where the layer 
having the highest index of refraction is closest to the 
LED die 16. In addition to facilitating assembly of the 
LED package 10, the varying layers of optical material 
20 between the LED die 1 6 and the lens 1 8 also lessens 
the Fresnel losses within the LED package 10. 
[0060] As previously discussed, in some embodi- 
ments a white emitted light is produced using a blue, 
ultraviolet, or other color LED die 1 6 by exciting light ex- 
citable materials, which may be fluorescent materials, 
that may be located in or on the lens 18, or similar to 
what is disclosed in Shimizu et al. in U.S. Pat. Nos. 
5,998,925 and 6,069,440, the optical material 20 may 
contain a suitable phosphor material. However, unlike 



EP 1467 416 A2 



25 



30 



35 



40 



45 



50 



6 



11 



EP 1 467 416 A2 



12 



the Shimizu et al. patents, in some embodiments one or 
more layers of the optical material 20 replaces the prior 
art cured epoxy coating resin. In addition, in other em- 
bodiments, rather than being confined to the cavity 22 
holding the LED die 16, the phosphor bearing optica! 5 
material 20 fills the entire cavity 22, which is more effec- 
tive for converting more of the excitation output into 
white light. In the circular embodiment of the lens 18 
shown in the figures, the semispherical configuration of 
the phosphor bearing optical material 20 also provides 10 
more of an omni-directional output than the LEDs gen- 
erally depicted by Shimizu et al. 
[0061] The wire bonding 26 used to connect the an- 
nular contact 1 2 to the LED die 16 may be gold, but may 
also be made from copper, platinum, aluminum or alloys 15 
thereof. The diameter of the wire bonding 26 is typically 
in the area from 1 0-45 urn. As recognized in the art, be- 
cause of thermal expansion coefficients between mate- 
rials in LEDs made according to the prior art methods, 
wire bonds with diameters less than 25 urn are not rec- 20 
ommended because of breakage at the bonding point. 
Accordingly, unlike the prior art, the wire bonding 26 is 
encapsulated in a soft optical material rather than a hard 
resin, thus permitting some expansion without loss of 
the electrical bonding. The wire bonding 26 is connected 25 
to the N-type material portion or P-type material portion 
of the LED die 16 and the annular contact 12 by con- 
ventional wire bonding techniques. 
[0062] The base contact 14, which may be a copper 
slug or a heat sink, is provided at the center of the LED 30 
package 10 and serves as an electrical connection for 
the LED package 1 0. As discussed above, the base con- 
tact 14 is configured to have the die cup 24 at its upper- 
most surface, within which the LED die 16 is mounted. 
As also discussed above, the liquid crystal polymer 28 35 
may be used to couple the base contact 14 into place 
within the annular contact 12 to form the leadframe 27. 
The liquid crystal polymer 28 also provides a barrier to 
seal the optical material 20 in place. In addition, because 
the liquid crystal polymer 28 is thermally coupled to the 40 
annular contact 12 it provides for additional heat sinking 
for the LED die 16. The inner surface of the die cup 24 
may be finished with a reflective surface, via plating, pol- 
ishing or other means, in order to direct the light emitted 
from the LED die 16 in a predetermined manner. The 45 
mass of the base contact 1 4 provides superior heat sink- 
ing for the LED die 1 6 to allow higher power to be applied 
to the LED die 16, resulting in higher lumen output. 
[0063] In some embodiments, the base contact 14 
may be provided with an integral center post 60, as best 50 
illustrated in Figures 1-5. When so configured, the LED 
package 10 can be assembled into a PCB 40 assembly 
by normal soldering techniques or, without the use of 
heat, by fitting the LED package 10 into a complemen- 
tary socket arrangement of mounting devices 32 and 36. 55 
In other embodiments when there is no integral center 
post, a lower base portion 62 of the base contact 14 can 
be laser welded or otherwise mechanically coupled to 



the PCB 40 or mounting device 54 to provide an elec- 
trical connection. In other embodiments, as seen in Fig- 
ures 15A-B, an LED package 410 comprises a base 
contact 414 with a post 460 that comprises protrusions 
470 that may be coupled to a complementary coupling 
device, which may be a bayonet-type coupling device. 
In other embodiments, as seen in Figures 16A-B, an 
LED package 510 comprises a base contact 514 with a 
post 560 having a threaded outer surface 570, which 
may be coupled to a complementary coupling device. 
The threaded outer surface 570 may serve to mechan- 
ically and/or electrically couple the LED package 510 to 
the complementary coupling device (not shown). 
[0064] As seen in Figure 17, one embodiment pro- 
vides an array of the annular contacts 12 that is formed 
continuously into the carrier strip 70, which may be an 
annular contact carrier strip, such as by stamping or oth- 
er conventional means. This configuration facilitates 
manufacturing of the LED package 1 0. The anode car- 
rier strip 70 also provides for alternate means of pack- 
aging the LED package 10 into subassemblies. For ex- 
ample, the carrier strip 42, which may be a base contact 
carrier strip, containing receiving devices 72 having a 
common base contact may be employed as one assem- 
bly. Each of the center posts 60 of each of the LED pack- 
ages 1 0 may be connected to the receiving devices 72 
on a carrier strip 42, where each of the annular contacts 
12 may be connected using a carrier strip 70. In such 
an application, only one electrical connection to the 
base contact via the carrier strip 42 would be necessary. 
Likewise, the annular contact carrier strip 70 can be con- 
figured to have a common electrical connection, in 
which case an entire strip of the LED packages 10 can 
be easily assembled by making only two electrical con- 
nections. The base contact carrier strip 42 and the an- 
ode carrier strip 70 may be periodically scored (shown 
as dashed lines) along their length to enable the base 
contact carrier strip 42 and the annular contact carrier 
strip 70 to be in broken into predetermined lengths. 
[0065] The LED package 10 may be incorporated di- 
rectly into products to eliminate the need for secondary 
coupling devices and printed circuit boards. Figure 7 il- 
lustrates a portable lighting illumination device 200, 
such as a flashlight. The LED package 10 is mounted 
into a mounting device 254. The mounting device 254 
serves to mechanically secure the LED package 10 
within the flashlight 200, and also facilitates electrical 
connections between the LED package 10 and the bat- 
teries 256. A housing 258 and lighthead 260 provide a 
secure package for the flashlight components. 
[0066] Likewise, the LED package 1 0 may be directly 
incorporated to a light fixture 300, as shown in Figure 8. 
A housing structure 302 holds one or more mounting 
devices 354. The mounting devices 354 mechanically 
secure the LED packages 10 to the housing structure 
302 and also facilitate electrical connections to the LED 
package. The light fixture 300 may be any type of interior 
or exterior, fixed or portable light. Examples include, but 
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are not limited to, position lights, reading lights, indica- 
tors, night lights, backlights, and marker lights. Addition- 
al examples may include automotive signaling devices 
such as stop lights, brake lights, taillights indicator 
lights, turn signals and hazard lights. 5 
[0067] The various embodiments have been de- 
scribed in detail with respect to specific embodiments 
thereof, but it will be apparent that numerous variations 
and modifications are possible without departing from 
the spirit and scope of the embodiments as defined by w 
the following claims. 



Claims 

15 

1. A system comprising an LED package, the LED 
package comprising: 

an annular contact: 

20 

a base contact coupled to the annular con- 
tact to form a leadframe; 
an LED die coupled to the base contact and 
the annular contact; 

a lens coupled to the leadframe; and 25 
a cavity defined by the lens, the base con- 
tact, and the annular contact. 

2. The system of Claim 1 including an optical material 
located in said cavity. 30 

3. The system of Claim 1 or Claim 2, wherein the an- 
nular contact is an anode. 



9. The system of Claim 8, wherein the complementary 
coupling devices are annular contact barbs and 
lens openings. 

10. The system of any preceding claim, wherein the 
lens is coupled to the leadframe with an adhesive. 

11. The system of any preceding claim, wherein the 
LED die is comprised of a plurality of LED dice. 

12. The system of Claim 11, wherein the annular con- 
tact is separated into two or more segments to pro- 
vide isolated electrical contact to each LED die. 

13. The system of Claim 11, wherein the LED die is 
electrically insulated from the base contact and the 
LED die contains both P-type and N-type contacts 
on the top surface of the die such that the LED die 
can be electrically connected in series via wire 
bonding. 

14. The system of Claim 1 , 2 or 7, wherein the LED die 
is coupled to the base contact via a thermally and 
electrically conductive epoxy or solder and the LED 
die is coupled to the annular contact via wire bond- 
ing. 

15. The system of Claim 1, 2 or 7, wherein the base 
contact further comprises a heat sink. 

16. The system of Claim 1, 2 or 7, wherein the base 
contact further comprises a die cup into which the 
LED die is coupled. 



4. The system of Claim 1 or Claim 2, wherein the an- 35 
nular contact is a cathode. 

5. The system of Claim 1 or Claim 2, further compris- 
ing a mounting device, wherein the LED package is 
mechanically coupled to the mounting device via 40 
the lens. 

6. The system of any preceding claim, further compris- 
ing a light fixture. 

45 

7. The system of Claim 1 or Claim 2, further compris- 
ing: 

an anode strip comprising an array of anodes 
utilized to form an array of the LED packages; 50 
and 

a carrier strip comprising receiving devices to 
receive the array of LED packages. 

8. The system of Claim 1 or 2, wherein the annular 55 
contact and the lens comprise complementary cou- 
pling devices for matingly engaging the annular 
contact and lens to one another. 



17. The system of any preceding claim, wherein the an- 
nular contact and base contact are coupled togeth- 
er with liquid crystal polymer to form a leadframe. 

18. The system of any preceding claim, wherein a por- 
tion of the lens comprises or is coated with light ex- 
citable material such that the system emits white 
light. 

19. The system of any preceding claim, wherein a por- 
tion of the lens comprises dispersents to diffuse out- 
put light. 

20. The system of Claim 1 , 2 or 7, wherein the annular 
contact further comprises flexible extensions. 

21 . The system of Claim 20, wherein the flexible exten- 
sions each have a differing diametral pitch. 

22. The system of Claim 2, wherein the cavity is filled 
with the optical material. 

23. The system of Claim 2, wherein the optical material 
comprises a light excitable material. 



8 



15 



EP 1 467 416 A2 



16 



24. The system of Claim 23, wherein a white light is pro- 
duced by the light excitable material. 

25. The system of any preceding claim, wherein the 
system is incorporated into an automotive signalling 
device. 

26. The system of any preceding claim, wherein the 
system is incorporated into a flashlight device. 

27. The system of Claim 1 or Claim 2, further compris- 
ing a socket device that is mounted on a printed cir- 
cuit board, wherein the lens is mechanically cou- 
pled to the socket device via lens protrusions and 
securely biased in the socket device by flexible ex- 
tensions extending from the annular contact. 

28. The system of Claim 1 or Claim 2, wherein the base 
contact comprises a threaded portion, wherein the 
threaded portion is used to couple the LED package 
to the system. 

29. The system of Claim 1 or Claim 2, further compris- 
ing: 

a mounting device; and 

protrusions adjacent an attachment end of the 

base contact, 

wherein the LED package is mechanically 
mounted to the mounting device via the protrusions. 

30. The system of Claim 1 , 2 or 7 wherein the lens com- 
prises an optical geometry or an optical pattern to 
diffuse illumination from the LED die, or to produce 
a desired light pattern. 

31. A system comprising: 

a mounting device; and 

an LED package, the LED package comprising: 

a leadframe comprising: 

an annular contact with a central open- 
ing; 

a base contact having heat sink, cou- 
pled to the annular contact adjacent 
the central opening; 
an LED die coupled to the base con- 
tact and via wire bonding to the annu- 
lar contact; 

a lens coupled to the leadframe, the 
lens comprising protrusions that are 
utilized to mechanically secure the 
LED package to the mounting device; 
and 

optical material located in a cavity de- 



fined by the lens and the leadframe. 

32. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a non-resilient material. 

5 

33. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a grease. 

34. The system of Claim 1 or Claim 31 , wherein the op- 
to tical material is a non-liquid material. 

35. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a resilient material. 

15 36. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a rigid material. 

37. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a liquid material. 

20 

38. The system of Claim 1 or Claim 31 , wherein the op- 
tical material is a silicone material. 

39. The system of Claim 1 or Claim 31 , wherein the op- 
25 tical material is a UV stable material. 

40. A method for making a system with an LED pack- 
age, the making of the LED package comprising the 
steps of: 

30 

a) providing a base contact having a heat sink 
and a die cup; 

b) providing an annular contact with a concen- 
tric opening that receives the base contact to 

35 form a leadframe; 

c) coupling an LED die to the die cup of the base 
contact; 

d) coupling the LED die, via wire bonding, to 
the annular contact through the concentric 

40 opening; 

e) dispensing an optical material into a cavity 
defined by the lens, the annular contact, and 
the base contact; and 

f) coupling a lens to the leadframe. 

45 

41 . The method of Claim 40, further comprising the step 
of coupling the base contact to the annular contact 
with a liquid crystal polymer to form a leadframe. 

so 42. The method of Claim 40, further comprising the step 
of coupling the LED die to the base contact with a 
die attach adhesive or solder. 

43. The method of Claim 40, further comprising repeat- 
55 ing the steps c) and d) for a plurality of LED dice. 

44. The method of Claim 40, further comprising the 
steps of: 
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providing a socket device in a mounting device; 
and 

mechanically coupling the LED package via the 
lens to the socket device. 

45. The method of Claim 40, further comprising the step 
of providing a threaded portion of the base contact 
to mechanically and/or electrically couple the LED 
package to the system. 

46. The method of Claim 40, further comprising the 
steps of: 

providing a mounting device; and 

providing protrusions on an attachment end of 15 

the base contact, 

wherein the protrusions are received by the 
mounting device to mechanically couple the LED 
package to the system . 20 

47. The method of Claim 40, further comprising the 
steps of: 

providing barbs on the annular contact; and 25 
providing receiving holes on the lens; 

wherein the barbs are received in the receiv- 
ing holes to perform the step of coupling the annular 
contact to the lens. 30 

48. The method of Claim 40, further comprising the step 
of bonding the lens to the leadframe using an ad- 
hesive. 

35 

49. The method of Claim 40, further comprising the 
steps of: 

forming an annular contact strip comprising an 
array of annular contacts utilized to form an ar- 40 
ray of the LED packages; and 
forming a carrier strip comprising receiving de- 
vices to receive the array of LED packages. 

50. The method of Claim 40, further comprising the step 45 
of providing a portion of the lens, or coating a portion 

of the lens, with a light excitable material such that 
a white light is emitted by the system. 

51. The method of Claim 40, further comprising the step 50 
of providing light excitable material in the optical 
material such that a white light is emitted by the sys- 
tem. 
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